The primary aims of this hybrid Type 1 effectiveness-implementation trial were to quantitatively assess whether an evidence-based exercise intervention for breast cancer survivors, Strength After Breast Cancer, was safe and effective in a new setting and to qualitatively assess barriers to implementation.
Three major national organizations have published clinical guidelines recommending regular exercise for all women diagnosed with breast cancer (1) (2) (3) . There has also been a call for exercise to become part of the standard of care for breast cancer survivors, given observational evidence of prevention of cancer recurrence/mortality (4) and experimental evidence that exercise improves adverse effects of cancer treatment, including lymphedema (5, 6) , physical functional decline (7), fatigue (8) , and quality of life (9) . Breast cancer survivors report wanting help with these impairments, but are often not referred to exercise programs (10) . Coupled with evidence that exercise levels are reduced (11) and fitness levels are lower among breast cancer survivors (12) , there is a need to translate evidencebased exercise interventions into community settings while maintaining safety and efficacy.
An efficacious exercise intervention for breast cancer survivors, Physical Activity and Lymphedema (PAL), was developed and tested in a randomized clinical trial (5, 6, 13, 14) . Given positive findings, the next step was to test the effectiveness and implementation of this evidence-based intervention. We examined contextual domains important to implementation nested in a hybrid effectiveness-implementation mixed-methods study (15, 16) . The primary aims of this hybrid Type 1 effectiveness-implementation trial (Strength After Breast Cancer; SABC) were to 1) quantitatively assess whether the PAL evidence-based exercise intervention for breast cancer survivors was still safe and effective when translated (ie, as the SABC intervention) into a community-based physical therapy (PT) setting, and 2) qualitatively assess barriers to implementation from the perspective of providers (ie, oncology clinicians and PTs). In this article, we report on primary outcomes from the trial (ie, safety and effectiveness) and implementation challenges.
Methods
All study activities were reviewed and approved by the University of Pennsylvania Institutional Review Board. All participants signed a written informed consent prior to study activities.
Safety and Effectiveness Assessment
Participants. Participants included breast cancer survivors, including those with and at risk for lymphedema, referred to the program from oncology clinicians (physicians and nurse practitioners) and PTs at a National Cancer Institute (NCI) designated comprehensive cancer center and by self-referral. Survivors were eligible for referral into SABC if they had completed all curative treatments (except for hormonal therapies and trastuzumab) and if the referring clinician did not find any medical conditions that would preclude participation. Lymphedema status had no bearing on eligibility for referral, as weight lifting has benefits for breast cancer survivors beyond lymphedema related outcomes (1, (5) (6) (7) 14, 17) .
Data Collection. Measurements of all participants at baseline and 12 months were completed by trained staff using standardized methods. Demographic characteristics (age, education, race, and occupation) were self-reported. Cancer stage and treatment history were taken from electronic medical record. Anthropometry measures included height (baseline only) and weight. Physical activity outside of weight lifting was assessed using the College Alumnus Survey (18) . Perometry was used to measure arm volumes at baseline and 12 months. The Optoelectronic Perometer (Juzo USA, Cuyahoga Falls, OH) is a state of the art reliable and valid tool to assess limb dimension and volume (19) (20) (21) . For cliniciandefined lymphedema onset or flare-ups requiring treatment, PTs (22) used a standardized clinical evaluation based on the Common Toxicity Criteria Adverse Events version 3.0 (23), including interlimb differences, changes in tissue tone or texture, and symptoms. Lymphedema-related symptom presence and severity were reported using a validated and reliable survey upon PT evaluation and re-assessment as needed (24) . Muscular strength was assessed as the maximum amount of weight that can be lifted once (one repetition maximum = one-RM) for the bench press and leg press. One-RM tests, the standard for evaluating increases in muscular strength (25) , are safe for most populations when properly supervised (25) (26) (27) . Methods for the strength measurements have been reported elsewhere (13) .
Implementation Assessment
Participants. Participants included referring clinicians working in a medical oncology setting (N = 39) and PTs (N = 32) who delivered the intervention as part of the effectiveness trial. All oncology clinicians referred at least one survivor. All PTs adopted the SABC program following training.
Data Collection. Qualitative data included semistructured interviews and direct observation. We developed a semistructured interview guide to elicit key stakeholders' perspectives on the intervention. Oncology clinicians and PTs were interviewed in groups and individually. In the oncology setting, direct observations were conducted in the waiting room of the cancer center and during tumor board meetings. In the PT setting, direct observations were conducted during staff meetings and during intervention provision with survivors. A research coordinator wrote detailed field notes following each direct observation session. Recruitment ceased when thematic saturation was reached with interviews or direct observations (28) .
Intervention Description
We revised the PAL intervention (5, 6) with the input of oncology clinicians, PTs, and survivors to improve the feasibility of implementation within a large NCI designated cancer center and associated PT clinic (see Table 1 for description and comparison of interventions). Revisions were intended to increase feasibility and reduce cost without adversely impacting safety or effectiveness. For example, the intervention within the clinical trial included 26 supervised small group training sessions over 13 weeks. It was felt that this would be prohibitively costly within the PT setting and might not be covered by insurance. Therefore SABC included four small group PT exercise sessions and an expectation that strength training exercises would be completed twice weekly at home. Further, based on feedback from survivors, the program was renamed (ie, SABC).
All women who completed the program were invited to repeat aspects of the program as they chose, only two women did so. Options for paying for the program included self-pay, third party payers, or a hybrid (eg insurance coverage for assessment and self-pay for intervention sessions; see Table 1 for further details). Participants were required to pay all coinsurance or copays according to specific insurance policies. There were no denials from third party payers for the PT assessment or intervention. Adjustable dumbbells (1-21 pounds) were donated for the study by Powerblock, Inc (Owatana, MN). In both the PAL and SABC interventions, women with lymphedema were required to wear a well-fitting compression sleeve and glove or gauntlet during exercise sessions. Participants were asked to call their PT for evaluation of possible onset or flare-ups upon report of a change in symptoms lasting one-week or longer, or if safety measurements at 3 or 6 months indicated a change in treated arm volume of greater than or equal to 5% and greater than or equal to 5% interlimb difference.
Data Analysis
Safety and Effectiveness Assessment. Continuous variables are summarized with means and standard deviations (or medians where noted). Categorical variables are summarized with rates and percentages (%). Changes in outcomes from pre-to post-intervention were assessed using paired t-tests. To compare study outcomes between the PAL efficacy (5, 6, 13, 14) and SABC effectiveness trial, regression analysis was used to quantify the between-study differences in effects, adjusting for baseline values. Statistical tests were two-sided; P < .05 was the threshold for statistical significance. All statistical analyses were conducted with Stata 12.0 (College Station, TX).
Providers' Implementation Assessment. Each interview was audio recorded, professionally transcribed verbatim, and imported into NVivo 10.0 software for coding and analysis (QSR International, Melbourne, Australia). We used a modified grounded theory approach. Through a close reading of several interview transcripts and field notes from direct observation, the investigators developed and defined a set of codes that were applied to the data. We also used a set of a priori codes derived from our original research questions. The following themes emerged: intervention characteristics, payment, eligibility criteria, the referral process, the need for champions (ie, advocates) and the need for adaptation during implementation of the intervention (ie, flexibility regarding logistics).
Two team members coded each interview and field note independently, using the interrater reliability function in NVivo to evaluate percent agreement across coders. Discrepancies in coding were discussed until 95% agreement was reached. As data collection was ongoing, the constant comparative method was used [ie, the research team met bimonthly to compare newly collected data with themes that had previously emerged in order to guide further thematic development and refinement; (29) ].
Results
Safety and Effectiveness Assessment. A total of 506 women were referred to the SABC program and 117 women participated between September 2011 and December 2012, during the period of study recruitment. Of these, 43 were referred by a PT, 31 by an oncology clinician, 7 by self-referral, and 3 women did not recall how they had been referred. Of these, 84 consented and participated in baseline measurements (note, 33 women completed the SABC program but opted not to complete research measurements). Of these, 67 completed measurements at 12 months (80% retention to 12 months). Of the 17 lost to follow-up, nine never completed the program, seven were lost to follow-up, and one became too ill to continue. Table 2 provides a description of participants in both the PAL efficacy and SABC effectiveness trials. Participants in the PAL efficacy trial completed 75.4 ± 28.7 weightlifting sessions over the year (ie, adherence = 72.5 ± 27.6%) whereas, participants in the SABC trial completed 50.7 ± 36.1 weightlifting sessions over the year (ie, adherence = 48.8% ± 34.7%). Lymphedema safety and effectiveness outcomes, muscular strength, and body image results from baseline and 12-month follow-up are presented in Table 3 for the 84 women who participated in SABC, as well as PAL participants. Table 4 presents a between-study comparison for lymphedema, strength, and body image results.
Findings from the SABC effectiveness trial were consistent with the PAL efficacy trial. At baseline, SABC participants reported more psychosocial concerns than PAL participants, including The change in severity of symptoms is the mean of the changes in severity for all 14 symptoms, with the possible severity score for each ranging from 0 (no symptom) to 4 (very severe). † New lymphedema onset defined by a ≥5% increase in interlimb arm difference from baseline among women who entered the study with an interlimb arm volume difference <5% (interlimb volume difference: ((affected arm volume − unaffected arm volume)/unaffected arm volume). ‡ Flare-up of existing lymphedema defined by expert clinical evaluation among women who entered the study with an interlimb arm volume difference ≥5%. more concerns around strength and health, social barriers, and appearance and sexuality. In both studies, survivors demonstrated improvement in number and severity of upper body symptoms, improved strength, improved body image, and no changes in arm swelling. Participants in the PAL trial were more adherent than participants in the SABC trial. The only outcome for which there was a statistically significant difference of intervention efficacy was muscular strength. The PAL intervention resulted in greater strength improvements than the SABC intervention.
Providers' Implementation Assessment. A total of 19 providers were interviewed between July 2012 and December 2012. The providers included seven physicians, 10 PTs, and two nurse practitioners; 84% were female and 90% were Caucasian. A total of 17 direct observations were conducted. Table 5 includes illustrative quotes from the semistructured interviews and direct observations related to each domain.
Intervention Characteristics. PTs expressed that the group-based exercise intervention sessions were a challenge to implement in their setting given variability in individual survivor abilities.
Payment. Stakeholder perspectives on SABC program cost emerged as an important factor. Specifically, providers in the PT and oncology settings expressed that the program would need to be covered by insurance, or have a reasonable self-pay option to be sustainable.
Eligibility Criteria. Understanding the eligibility of women who could participate in the SABC program was complex for oncology providers and PTs. Specifically, oncology providers had difficulty identifying whether eligibility included only survivors with lymphedema vs any breast cancer survivor.
Referral Process. Oncology providers and PTs resided in two separate geographic locations and administrative entities which emerged as a barrier to referral. Oncology providers were required to complete a referral to PT through the electronic medical record system. A printed copy of the referral was given to the patient, who was then required to call the PT office to make an appointment. This process was labor intensive and confusing for both the clinician and survivor resulting in errors and missed referrals.
The Need for a Champion. A PT champion worked to gain acceptance for the SABC program, alter referral and training protocols, and orient PT staff. PTs reported that without this champion, implementation of SABC would not have been successful.
Adaptations. Adaptations to the core program were also necessary for the implementation process. We made three main adaptations. First, we met with PTs to help them understand how they could individualize the SABC program to each survivor. Second, given the referral challenges, we added a staff liaison in the oncology setting to assist with referrals. Third, the PT organization began to call survivors who received referrals which increased the proportion of women who scheduled the PT pre-program assessment from 39% to 65%.
Discussion
An effectiveness trial of the PT based rehabilitative exercise program, SABC, resulted in improvements in lymphedema, muscular strength, and body image outcomes similar to the PAL efficacy trial. Critically, after translation into the clinical setting, this intervention retained its safety and effectiveness. However, barriers to the implementation of SABC necessitate resolution before efforts to scale-up dissemination and implementation are initiated. The findings from the effectiveness trial indicate that the adapted program was successful. When considering outcomes, it is necessary to compare samples. Comparisons between SABC and the PAL trials suggests that the samples are somewhat comparable, although survivors in the SABC trial reported lower frequency and less severity of symptoms of lymphedema, and demonstrated more muscular strength at baseline. A greater amount of muscle strength was gained in the PAL efficacy than the SABC effectiveness trial, as would be expected, given limits of progression of resistance in home-versus facility-based interventions. Lower adherence in the SABC cohort as compared with the PAL cohort may also have contributed to these differences. Survivors in the SABC trial reported more psychosocial concerns than those in the PAL trial, including more concerns around strength and health, social barriers, and appearance and sexuality. These differences in the sample are likely representative of differences in inclusion and exclusion criteria in efficacy versus effectiveness trials (30) . When benchmarking lymphedema, strength, and psychosocial outcomes at 12 months, it appears that both groups show similar patterns, which suggests the transportability of the intervention, particularly with regard to safety and effectiveness.
Despite the success of the program from a safety and effectiveness perspective, implementation challenges were identified (16) . Fortunately, these barriers can be easily ameliorated in future efforts. First, PTs felt that the group format of the intervention detracted from their satisfaction with the experience of providing the intervention. In the efficacy trial, the intervention was delivered by exercise professionals in a group format. The PT setting may be less amenable to group interventions. Future efforts could use an individual format or a tiered intervention by skill ability. Our adaptation to allow PTs to individualize the program (ie, flexibility within fidelity; 31) to each participant also seemed to address this barrier. Second, to sustain such a program, feasible payment options are needed including private insurance and self-pay. Stakeholders expressed that cost was a consideration for program uptake. Third party payers consistently covered this program during the effectiveness study and have continued to do so since the study was completed. Third, the need for a PT champion to assist with administrative barriers to implementation is important, and has been well-documented in the implementation science literature (32) . Finally, it appears that when oncology clinicians make referrals to a rehabilitative exercise program, an active process (ie, follow-up phone calls) is needed. A thornier challenge in survivorship care has to do with the well described issues regarding coordination of the complex health care needs of breast cancer survivors (33). Although we were able to demonstrate that the program was safe and effective, the inherent heterogeneity of the breast cancer survivorship population posed a major challenge for oncology clinicians to refer into SABC. The oncologists knew that the efficacy intervention had been particularly useful for lymphedema related outcomes among breast cancer survivors (5, 6) . Oncology clinicians vary with regard to their opinions regarding the level of risk for lymphedema based on clinical presentation of a given patient and this may have influenced interest in making referrals. Effort was made to clarify that clinicians could refer all breast cancer survivors and that the PTs would determine whether the program was appropriate, but as one physician said, "If they are all eligible, then we end up referring no one." Therefore, part of the confusion arose over decisions made by oncology clinicians regarding the relative benefits of the intervention for their patients. Well-validated criteria to help oncology clinicians quickly assess which survivors need referral to specialty care, including rehabilitative exercise, might be useful. In our study, we addressed this challenge by adding a staff liaison to assist physicians in the referral process, as has been done in other survivorship care efforts (34) .
The findings from this hybrid Type 1 effectiveness-implementation trial provide support for the continuation of research on the dissemination and implementation of SABC. A number of future research questions necessitate further study. First, we conducted this trial in an exemplar setting (ie, an NCI Comprehensive Cancer Center connected to a major medical school), and it would be worthwhile to attempt implementation in a more community based setting (eg, local hospitals in different regions). When transporting the intervention to such a setting, information on safety and effectiveness are still needed. Second, a number of delivery variations are of interest. Future investigations can vary the most effective type of interventionist/setting (ie, PT, exercise professional), intervention cost options (self-pay and third party payer), and referral type (ie, self-referral, referral from oncology providers). Further, empirical assessment of survivor's willingness to pay for the program is warranted. Given the above noted challenges in coordinating health care needs for breast cancer survivors, future efforts might consider embedding this type of intervention within a holistic interdisciplinary approach, perhaps including it within a program that includes interventions for sleep, fatigue, cognitive impairment, or other common adverse treatment effects.
SABC is one exemplar of survivorship interventions for breast cancer that can be implemented in community settings. Such interventions have the potential to be disseminated and implemented through cancer centers throughout the United States to improve outcomes in all three million breast cancer survivors. We have successfully demonstrated that a group based strengthtraining exercise program can be implemented in a PT setting while retaining its safety and effectiveness, which can inform larger scale dissemination and implementation efforts. Continued attention to the translation of complex multicomponent interventions is warranted given that the mechanisms through which such interventions are implemented may be different than simple interventions such as implementation of hand washing or a new medication (35) .
